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ABSTRACT

Chang impact analysis is an useful technique for software
evolution. Many techniques have been proposed for support-
ing change impact analysis of procedural or object-oriented
software, but no effort has been made for change impact
analysis of aspect-oriented sofiware. In this paper, we present
an approach to supporting change impact analysis of aspect-
oriented software based on program slicing technique. The
main feature of our approach is to assess the effect of changes
in an aspect-oriented program by analyzing its source code,
and therefore, the process of change impact analysis can be
automated completely.

1. INTRODUCTION

Software change is an essential operation for software evo-
lution. The change is a process thal either introduces new
requirements into an existing system, or modifies the sys-
tem if the requirement were not correctly implemented, or
moves the system into a new operation environment. The
mini-cycle of change as described in [11] is composed of
several phases: reguest for chenge, planning phase consist-
ing of program comprehension and change impact analysis,
change implementation including restructuring for change
and change propagation, verification and validation, and re-
documentation. Among these phases, in this paper we focus
our attentions on the issue of planning phase, especially,
change impact analysis to support aspect-oriented software
evolution.

Chanpe impact analysis is the task that through which the
programmers can assess the extent of the change, i.e., the
software component that will impact the change, or be im-
pacted by the change. Change impact analysis provides
techniques to address the problem by identifying the likely
ripple-effect of software changes and using this information
to re-engineer the software system design.
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From the viewpoint, of separation of concern in software de-
velopment [4], we may consider to perform change impact
analysis al many levels of software systems during soltware
evolution, for example, at the specification, design, archi-
tecture, or code level. We may also perform change impact
analysis on different languages and design paradigms, for
example, on procedural languages or object-oriented lan-
guages. Moreover, change impact analysis must adapt to
the emergence of new software development methods, and
change impact analysis techniques for new languages and
design paradigms must be defined based on models that are
relevant to these new paradigms.

Recently, aspect-oriented programming has been proposed
as a technique for improving separation of concerns in soft-
ware design and implementation [5]. Aspect-oriented pro-
gramming works by providing explicit mechanisms for cap-
turing the structure of crosscutting concerns in software sys-
temns. Aspect-oriented programming languages can be used
to cleanly modularize the crosscutting structure of concerns
such as exception handling, synchronization, performance
optimizations, and resource sharing, that are usually diffi-
cult to express cleanly in source code using existing program-
ming techniques. Aspect-oriented programming languages
can control such code tangling and make the underlying
concerns more apparent, making programs easier to develop -
and maintain. As research in aspect-oriented programming
is reaching maturity with a number of active research prod-
ucts, it is necessary to perform change impact analysis on
aspect-oriented software because it allows one to capture
the change effect information of the software so that ome
can perform software evolution actions on aspect-oriented
software.

In an aspect-oriented system, the basic program unit is an
aspect rather than a procedure or a class. An aspect with its
encapsulation of state with associated advice (operations) is
a significantly different abstraction than the procedure units
within procedural programs or class units within object-
oriented programs. The inclusion of join points in an aspect
further complicates the static relations among aspects and
classes. Therefore, in order to perform change impact analy-
sis on aspect-oriented software, models that are appropriate
for representing aspect-oriented systems are needed.

However, most work on change impact analysis focused on
procedural or object-oriented software [3, 6, 7, 8, 1J] as well
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=al publi= class Poimt [
sl prxotactad int x, y;
me2 public Point{int _x. int _y) {

L k] x = X
ad Y = _¥:
}
meS public int getx()
[ 1] raturn x;
]
ma7 public int gee¥() [
1] return y:
}
mad public veid setd(int _x)
aslo x = _x5
}
mall public void sat¥(int _y) [
sli ¥ = _Y¥;
}
mald public void printPesitien() (
sl4 Systam.out.println("Point atb(“+x+",“+y+") "),
)
mal5 public static void main(String[] mrga) {
alf Point p = naw Poimt(1,1);
al7 p-6akX(2);
sl8 p-astY (1),
)
}

emld class Shadow (
820 publiec static final int ecffset = 10;
sll public int =, y;

mai2 Shadow(int x, int y) {

823 this.x = x;
8324 this.y = y:

me35 public veid printPositiom ()} (
8i6 System.outprintln{*Shadow at

("+x+", "+y+") ") 1

annl?7

me29 public atatie int getShadowCeunt () {

me32 public static veid asmcciate (Point p, Shadow a) [

833 p-shadow = ay
}
me3d publie static Shadow getShadow(Point p)
u35 raturn p.shadews
}

pai6 pointocut setting(int x, int y, Paint p):

ped7 pointout settingXE(Polnt p):

pa3dd pointeut smtting¥ (Peint p):

aa3s aftar(int x, int y. Point p) resturning :

P PoilntSha 1 {
n28 private int shadowCount = 0;

=30 return PointShadowPreotocol.

aspectOE () . shadowCount;
}

8il private Shadow Point.shadow;

args (x,y) &k call (Point.new(int,int));
targat(p) && call (void Point.eetX(ink));

target(p) k& call (veid Poink.saty(int));

satting(x, ¥, p) [

840 Shadow 8 = pew Shadow(x.y):
a4l asscelate(p.s);
842 shadowCount++;
}
aadl aftar{Point p): settingx(p) {
44 Shadow 8 = pew gatShadow(p);
a45 a.x = p.gatX() + Shadow.offsmat;
846 p-printPositien();
247 s .printPoaition();
1
as4l aftar (Point p): sateingY(p)
ad’ Shadow s = getShadow(p):
a50 a.y = p.gat¥() + Shadow.offeet:;
a51 p.printPosition();
w54 8.printrFositien();
}
}

Figure 1: A sample AspectJ program.

as software architectures [9, 12], and there exists no study
of change impact analysis for aspect-oriented software until
now. In this paper, we present an approach to supporting
change impact analysis of aspect-oriented software based on
program slicing technique. The main feature of our approach
is to assess the effect of changes in an aspect-oriented pro-
gram by analyzing its source code, and therefore, the process
of change impact analysis can be automated completely.

Program slicing, originally introduced by Weiser [10], is a
decomposition technique which extracts program elements
related to a particular computation. A program slice consists
of those parts of a program that may directly or indirectly
affect the values computed at some program point of inter-
est, referred to as a slicing criterion. The task to compute
program slices is called progrem slicing. As shown in [2],
program slicing is an essential technique to support change
impact analysis of procedural or object-oriented software.
Using program slicing to support change impact analysis of
aspect-oriented software promises benefit for aspect-oriented
software evolution. When a maintenance programmer wants
to modify a statement in an aspect-oriented program in or-

der to satisfy new requirements, the prograrnmer must first
investigate which statements will affect or be affected by
the modified statement. By using a slicing tool, the pro-
grammer can extract the parts of the paper containing those
statements that might affect, or be affected by, the modi-
fied statement. The slicing tool which provides such change
impact information can assist the programmer greatly.

The rest of the paper is organized as follows. Section 2
briefly introduces the AspectJ. Section 3 shows a motivation
example. Section 4 introduces some notions about slicing
aspect-oriented software. Section 5 shows how to perform
change impact analysis for aspect-oriented software. Con-
cluding remarks are given in Section 6.

2. ASPECT-ORIENTED PROGRAMMING
WITH ASPECTJ

We assume Lhat readers are familiar with the basic concepts
of aspect-oriented programming, and in this paper, we use
AspectJ [1] as our target language to show the basic idea of
our change impact analysis for aspect-oriented software.
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Below, we use a sarmple program taken from [1] to briefly
introduce the AspectJ. The program shown in Figure 1 as-
sociates shadow points with every Point object and contains
one PointShadowProtocol aspect that stores a shadow ob-
ject in every Point and two classes Point and Shadow.

AspectJ is a seamless aspect-oriented extension to Java. As-
pectJ adds some new coucepts and associated constructs to
Java. These concepts and associated constructs are called
join points, pointcut, advice, introduction, and aspect.

The join point is an essential element in the design of any
aspect-oriented programming language since join points are
Lhe common frame of reference that defines the structure
of crosscutting concerns. The join points in AspectJ are
well-defined points in the execution of a program. The join
points in Aspect] are method or constructor call, method
or constructor ezecution, class or object initialization, field
reference or assignment, and handler ezecution [1].

A pointcut is a set of join points that optionally exposes
some of the values in the execution of those join points. As-
pectJ defines several primitive poinfcut designators that can
identify all types of join points. Pointcuts in AspectJ can
be composed and new pointcut designators can be defined
according to these combinations. For example, In aspect
PointShadowProtocol three pointcuts are declared with the
names of setting, settingX, and settingY.

Aduvice is used to define some code that is executed when a
pointcut is reached. ApsectJ provides three types of advice,
that is, before, after, and around. For example, In aspect
. PointShadowProtocol, there are three afier advice setting,
settingX, and settingY. Advice declarations can change
the hehavior of classes they crosscut, but can not change
their static type structure. For crosscutting concerns that
can operate over the static structure of type hierarchies,
AspectJ provides forms of intraduction.

Introduction in Aspect] can be used by an aspect to add
new fields, constructors, or methods (even with bodies) into
given interfaces or classes. Introduction can be public or
private, where a private introduction means only code in the
aspect that declared it can refer or access the introduced
fields, constructors, or methods. For example, In aspect
PointShadouwProtocol, introduction declaration

private Shadow Point.shadow; privately introduces a field
named shadow of type Shadow in Point. This means that
only code in the aspect can refer to Point's shadow field.

Aspects are modular units of crosscutting implementation.
Aspects are defined by aspect declarations, which have a
similar form of class declarations. Aspect declarations may
include advice, pointcut, and introduction declarations as
well as other declarations such as method declarations, that
are permitted in class declarations. For example, the pro-
gram in Figure 1 defines one aspect named
PointShadowProtocol.

An Aspect] program can be divided into two parts: non-
aspect code which includes some classes, interfaces, and other
language constructs as in Java, and aspect code which in-
cludes aspects for modeling crosscutting concerns in the pro-

gram. Any implementation of AspectJ is to ensure that the
aspect and non-aspect code run together in a properly co-
ordinated fashion. Such a process is called aspect weaving
and involves making sure that applicable advice runs at the
appropriate join points. For detailed information about As-
pect], one can refer to [1].

3. A MOTIVATION EXAMPLE

‘We present a simple example to explain our approach on
change impact analysis of aspect-oriented software using
program slicing.

Consider the Aspect] program P shown in Figure 1. Sup-
pose a maintenance programmer needs to modify the state-
ment ce2 (return y;) of P in order to add some new func-
tions to P. The first thing the programmer has to do is to
investigate the effect of the change, i.e., which statements
may be affected, or affect the statement ce2 through vari-
able y. A common way is to manually check the source code
of the program to find such information. However, it may
be very time-consuming and error-prone since there may he
complex dependence relations between ce2 and other state-
ments in P. However, if the programmer has a slicer at hand,
the work may probably be simplified and automated with-
out the disadvantages mentioned above. In such a scenario,
the slicer is invoked, which takes as input: (1) a statement
ce2, and (2) a variable y in ce2, (this is a slicing criterion).
The slicer then computes a backward and forward slice of
P respectively with respect to the criterion and outputs the
slices to the programmer. A backward slice is a set of state-
ments of P that might affect the value of y at ce2, and a
forward slice is also a set of statements of P that might
be affected by the value of y at ce2. The other parts of P
that might not affect or be affected by y will be removed,
i.e., sliced away from P. The programmer can thus examine
only those statements included in the slices to investigate
the impact of modification.

4. PROGRAM SLICING FOR ASPECT-
ORIENTED SOFTWARE

In this section, we introduce some notions about static slic-
ing of an aspect-oriented program. The more detailed defi-
nitions can be found in [14].

In analyzing changes for an aspect-oriented program, we
usually want to know the answers of some questions such
as “which statements might affect a statement in an aspect-
oriented program ?” and “which statements might be af-
fected by a statement in an aspect-oriented program ?” In
order to answer these questions, we can define some notions
about static slicing of an aspect-oriented program.

A static slicing criterion for an aspect-oriented program is
a tuple (s,v), where s is a statement in the program and
v is a variable used at s, or a call called at s. A static
backward slice SBS(s,v) of an aspect-oriented program on
a given slicing criterion (39, v) consists of all statements in the
program that might possibly affect the value of the variable
v at s or the value returned by the call v at s. A static
forward slice SFS(s,v) of an aspect-oriented program on a
given slicing criterion (s, v) consists of all statements in the
program that might possibly be affected by the value of the
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Figure 2:

variable » at s or the value returned by the call v at s.

5. CHANGE IMPACT ANALYSIS OF

ASPECT-ORIENTED SOFTWARE
Roughly speaking, the process of change impact analysis of
an aspect-oriented program is how to find some backward
and forward slices of the program by starting from a state-
ment being changed. In [14] we presented a two-phase al-
gorithm to find a static slice of an aspect-oriented program
based on its aspect-oriented system dependence graph. In
this section we first introduce the aspect-oriented system
dependence graph briefly, and then describe the slicing al-
gorithm. For more detailed information, one can refer to

[14].

5.1 Aspect-Oriented System Dependence
Graphs

An ASDG of the program in Figure 1 and a slice of the program on slicing criterion (s49, p).

The aspect-oriented systern dependence graph (ASDG) [14]
of an aspect-oriented program is a collection of module de-
pendence graphs each representing a module’ in an aspect or
a class of the program, and some additional arcs to represent
direct or indirect dependencies between a call and the called
module and transitive interprocedural data dependencies.

The rnodule dependence graph (MDG) of a module is a di-
graph whose vertices represent statements or predicate ex-
pressions in the module and arcs represent two types of de-
pendence relationships, i.e., control dependence, and data
dependence. Control dependence represents control condi-
tions on which the execution of a statement or expression
depends in the module. Data dependence represents the
data flows between statements in the module. Each MDG

Yin this paper we use module to stand for a single advice,
introduction, or method in an aspect or a class of an aspect-
oriented program
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has a unique vertex called module start verter to represent
the entry of the module.

To model parameter passing, formal parameter vertices are
created to associate with each module start vertex. There is
a formal-in vertez for each formal parameter of the module
and a formal-out vertez for each formal parameter that may
be modified by the module. Also, a call vertez and actual
parameter vertices are created to assaciate with each call
site. There is an actual-in vertez for each actual parame-
ter and an actual-out vertez for each actual parameter that
may be modified by the called module. In addition, each
formal parameter vertex is control dependent on the mod-
ule start vertex, and each actual parameter vertex is control
dependent on the call vertex.

The construction of the complete ASDG can be performed
by connecting MDGs at call sites. A call dependence arc
which represents the call relationships is added between the
call vertex of the calling module's MDG and the stari ver-
tex of the called module’s MDG. Actual-in and formal-in
vertices are connected by parameter-in dependence arcs and

formal-out and actual-out vertices are connected by parameter-

out dependence arcs. These parameter arcs can represent pa-
rameter passing. Moreover, Lo represent the transitive flow
of dependencies in the ASDG, summaery dependence arcs [3]
are created by connecting an actual-in vertex to an actual-
out vertex if the value associated with the actual-in vertex
affects the value associated with the actual-out vertex.

Ezample. Figure 2 shows the complete ASDG of the sample
Aspect] program in Figure 1.

5.2 Computing Slices for Aspect-Oriented

Programs
Since the ASDG proposed for an aspect-oriented program
can be regarded as an extension of the SDG proposed by
Larsen and Harrold for object-oriented software [7], we can
use the two-pass slicing algorithm proposed in [3] to compute
a static slice of an aspect-oriented program based on its

ASDG.

In the first step, the algorithm traverses backward along all
arcs except parameter-out arcs, and set marks to those ver-
tices reached in the ASDG, and then in the second step, the
algorithm traverses backward from all vertices having marks
during the first step along all arcs except call and parameter-
in arcs, and sets marks to reached vertices in the ASDG. The
slice is the union of the vertices of the ASDG marked during
the first and second steps. Similar to the backward slicing
described above, we can also apply the forward slicing al-
gorithm [3] to the ASDG to compute a forward slice of an
aspect-oriented program.

Ezample. Figure 2 shows a backward slice which is repre-
sented in shaded vertices and computed with respect to the
slicing criterion (s49, p).

6. CONCLUDING REMARKS

In this paper, we presented an approach to supporting change

impact analysis of aspect-oriented software based on pro-
gram slicing technique. The main feature of our approach is

to assess the effect of changes in an aspect-oriented program
by analyzing its source code, and therefore, the process of
change impact analysis can be automated completely.

To demonstrate the usefulness of our impact analysis ap-
proach, we plan to implement a slicing tool for AspectJ and
perform some experiments using the slicing tool to show the
effectiveness of our slicing-based change iinpact analysis ap-
proach in supporting aspect-oriented software evolution.
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